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New experimental data from HERA explore the region of very small x and small and moderate 
Q 2 . We study the role of unitarity corrections in the description of these data. For that, we 
propose a model separating the small and large components of the qq fluctuation. This model 
gives a unified description of total and diffractive production in 7*p interactions. In this model 
unitarity corrections are controlled by diffraction data. 



One of the main experimental facts discovered at HERA is the fast growth of parton densities 



as energy increases, or equivalently as x — > 0. Taking a 



tot 



~ S 



a(0)-l 



2 ~ X 



values of 



A = q(0) — 1 in the range 0.1 -r- 0.5 have been reported. These values depend on the virtuality 
Q 2 f]. A behavior like this would violate unitarity given by the Froissart bound (<7<J,(log s) 2 as 
s — > oo). Unitarity is restored iri Regge models by allowing for multiple exchange of Regge 
trajectories. We present a model El which takes into account all multiple pomeron exchanges 
in eikonal approximation. These unitarity corrections are controlled by diffraction. In parton 
language, the high density of partons (mainly gluons) at small values of x makes the gluon fusion 
to become important, stopping the increase of the density. In any case, unitarity corrections 
are given by non-linear terms, the importance of which grows with energy. These non-linearities 
would eventually give a saturation of partonic densities a at small enough values of x (the actual 
value depending, in general, on the value of Q 2 ) and different models try to understand the 
onset of this effects0Q. In experiments with nuclei, parton densities are a factor ~ A 1 ^ larger, 
so, saturation starts at larger values of x than in experiments with nucleonsH. 



a In Regge phenomenology a(0) is the intercept of the exchanged object, a pomeron at high energy, this is why 
two different pomerons, a hard and a soft one, have been proposed murder to explain this feature. Unitarity 
effects, however, make also A e // to depend on Q 2 and x, as in our caseu. 



1 The model. 



The description of the Ip collision in the laboratory frame is very appropriate to include unitarity 
effects. In this frame, the virtual photon 7* emitted by the I fluctuates into a qq pair. This 
system suffers then multiple interactions with the proton. We propose a separation in two 
components depending on the transverse size r of the qq. A small component S for r < r$, 
where the pQCD result, a qqp ~ r 2 , is used, and a large L component, for r > tq, described by 
Regge phenomenology, ro has been taken as a free parameter and its value turned out to be 
small, ro=0.2 fm. Unitarity corrections to both components are given by multiple scattering in 
a generalized eikonal approach which includes triple pomeron interaction. The total 7*p cross 
section is a tot = cr|°* + <r^°* with 

of f dV/^M)| 2 l - mP( - C *f' Q2Ar)) , (1) 

where \ip(r, z)\ 2 and g\{Q 2 ) describe the 7* — qq coupling (see ref. i), C is a parameter to take 
into account the dissociation of the proton. The eikonals are 

t h ni\ Xso{r,b,s,Q 2 ) 
Xs{r, b,s,Q = — — -^t, (3 

^■ b ' Q2 ^ TT^km +xLM ■ (4) 

xk^O = ^^{A t( -^) , (5, 

and 

A fc = a fc (0)-1 , £ = *„i±^ , A 5 i L) =^ fc5(i) + aU • (6) 

With a = 0, the model described above is a standard quasi-eikonal with Born terms given 
by pomeron plus / exchanges ( k = P,f). Note that the contribution of the /—exchange to 
the S component is very small and has been neglected. In eq. (Hj), the constants and 
determine respectively the residues of the pomeron and /-reggeon exchanges in the gg-proton 
interaction. In contrast, due to the pQCD result a qqp ~ r 2 mentioned above, the corresponding 
coupling Cg is taken to be proportional to r 2 (see the discussion in section 2). 



Where 



In eqs. @ and (|), a = <?^(0)rppp(0)/T67r, where 5^,(0) and rppp(0) are the proton- 
pomeron coupling and the triple pomeron coupling respectively, both at t = 0. The expresion 
of X3 can be found inn. The denominator in eqs. (J3J) and (||) correspond to a resummation of 
triple pomeron branchings (the so-called fan diagrams). The values of the parameters can be 
found in ref. It is important that we have fixed the pomeron intercept ap=1.2, and are the 
unitarity corrections which make the effective intercept to depend on x and Q 2 . 

The diffraction cross section is given by non- linear terms Xsl> n > 1 an d Xs lX3> hj > hi 
the expansion of (U) and We call the former S and L contributions to diffraction and the 
lastest PPP contributions: <J~¥1 = cr*^ + er*^ + (Tppp. The expressions of these components 
can be found in@. 




Sigure 1: F2(x, Q 2 ) as a funpjtion of x for different rvalues of Q 2 compared with experimental data from HI 1995 
(open squares), ZEUS 19950 (black circles), E665B (black triangles) and ZEUS BPT97eI (open circles). Dotted 
curve corresponds to the L contribution, dashed one to the S contribution and solid one to the total F2(x,Q 2 ) 

given by the model. 



2 Results and conclusions. 

In Fig. [l] we compare our results with F2(x,Q 2 ) = Q 2 / (Ai: 2 a em )a tot (x, Q 2 ) data for different 
values of Q 2 from 0.045 GeV 2 to 3.5 GeV 2 . It is clear from the figure that the S component 
is negligible for small values of Q 2 and would eventually become bigger than L one at large 
values of Q 2 . In Fig. [2] comparison with diffraction is done for xpF% = Q 2 / (An 2 a em )a dl ^ 
for different values of Q 2 and with diffractive photoproduction cross section. 

In summary, we have developed a two components model that takes into account unitarity 
corrections by multiple scattering of the 7* in a generalized eikonal approach which includes triple 
pomeron. This unitarity corrections are controlled by the ratio a dl ^ ' /a tot , so, we have performed 
a joint fit of total and diffractive data in lepton-proton collisions. The unitarity corrections 
for the two components have different behaviors. At moderate values of Q 2 , r 2 ~ 1/Q 2 and 
Xs ~ while XL is Q 2 independent. This makes unitarity corrections more important 

for the L than for the S component (in agreement with the fact that L part contribution to 
diffraction is larger than S one). In fact, the mean number of collisions is only ~ 1.1 for the 
S part at present energies, so the contribution to unitarity corrections of the terms in powers 
of l/Q 2 (higher twist terms) is less than 5% at Q 2 < 4 GeV 2 . This results can be extended to 
larger values of Q 2 by taking into account QCD evolution with initial conditions given by the 
model Ej. Finally, saturation will be reached when eq. (Q) and (||) get the (logs) 2 behavior. 
This will require energies much larger than present ones £3. 
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